The new strategy that augments self-organizing repair capacity is being tried for an osteochondral injury in recent years, and therefore the repair process of osteochondral tissues are attracting attention. In order to clarify the biological process of an osteocartilage repair, an optimized animal model of an osteochondral repair is required. Although full cartilage thickness injury models have already been established in dogs and rabbits, it has been difficult to establish the cartilage repair model in mice. Recently, cartilage repair models in mice were established for the purpose of analyzing an osteochondral repair. However, sufficient cartilage repair was obtained only in restricted mouse strains. Especially, C57Bl/6 mice, the most popular mouse strain in the world, represent insufficient cartilage repair [1, 2]. To clarify the biological process of the cartilage repair, cartilage repair model in common strain, such as C57Bl/6 mice, is helpful. The purpose of this study is to establish the new articular cartilage repair model in C57Bl/6 mice. Methods: Full thickness injuries were generated in the 4-week-old (young) C57Bl/6 mice and 8-week-old (adult) C57Bl/6 mice. We modified the full thickness injury model which was previously reported [2]. Under general anesthesia, medial para-patellar arthrotomy was performed to expose the patella groove. Then longitudinal full thickness injuries were made in the patella groove by 27G needle covered with 21G needle. The front and posterior edges of 21G needles were cut as outer cylinder which was adjusted approximately 200 µm shorter than 27 G needle ( Figure 1A) . The penetration to the sub-chondral bone was confirmed by the bleeding from the cartilage injury site. After the operation, the joint capsule and the skin were sutured in separate layers. After 4 (n=6) and 8 weeks (n=10), the cartilage injury sites were histologically assessed. The histological sections were made following the previous report [2]. Briefly, the first section was 100 µm proximal to the intracondylar notch, and then two more sections were made with a distance of 100 µm. Each section was stained by Hematoxylin & eosin and safranin-O staining. To assess the reproducibility and consistency of the full thickness injury, we measured cartilage thickness, depth of the cartilage injury, cross-sectional width, and cross-sectional area of the cartilage injury site at the operation day (n=6). The depth of the cartilage injury/cartilage thickness ratio (%depth) and the coefficient of variation (CV) for each parameter were also calculated. The histological score for joint surface repair was evaluated as previously reported [3]. The parameters at day 0 and mean histological scores were compared using paired t-test. Differences were considered statistically significant when P value was < 0.05. Results: Cartilage thickness (203.8 ± 8.7 vs 94.2 ± 3.3 µm, P < 0.0001), depth of the cartilage injury (256.6 ± 9.3 vs 124.9 ± 5.4 µm, P < 0.0001), cross-sectional width (20.1 ± 0.5 vs 18.4 ± 0.6 µm, P = 0.04), and cross-sectional area (4601.5 ± 138.8 vs 1747.1 ± 138.8 µm
, P < 0.0001) of young mice were significantly larger than those of adult mice , whereas %depth (127.0 ± 0.1 vs 132.0 ± 0.1 µm, P = 0.13) was almost equivalent between young and adult mice ( Figure 1E ). CVs for each parameter were shown in Table 1 . Although CV of cartilage thickness, depth of the cartilage injury, and cross-sectional width were 10-20%, %depth was less than 10%. As for the cartilage repair, young mice showed sufficient repair at 8 weeks post-surgery, whereas adult mice showed insufficient repair (Figure 2A-D) . The articular joint surface repair score of young mice was significantly higher than that of adult mice at 4 weeks (7.5 vs 2.9, P < 0.0001) and 8 weeks (8.0 vs 3.8, P < 0.0001) post-surgery ( Figure 2E , F). Discussion: The measurements of osteocartilage injury in young mice and adult mice at day 0 post surgery showed the reproducibility and consistency of our cartilage repair model. Same as the previous report, adult C57Bl/6 mice showed insufficient cartilage repair [1, 2] . On the other hand, articular cartilage of young C57Bl/6 mice represented enough cartilage repair compared with that of adult mice. It is hard to operate on 4-week-old (young) C57Bl/6 mice because of their tiny bodies and fragile cartilage. To overcome these problems, we used thin 27G needles for generating full thickness injury, covered with 21G needles in order to prevent bending the thin 27G needles. This was done to act as an outer stiffener and to keep the reproducibility of the injury as a stopper. (Figure 1A ). The healing potential is known to be diverse among mouse strains [1, 2, 4] . Although MRL/MPJ ''superhealer'' mice represent enough cartilage repair, MRL/MPJ mice are not a common strain for genetic research. On the other hand, C57Bl/6 mice are the most common strain for genetically modified mice; however cartilage healing potential in adult C57Bl/6 mice is insufficient. [1, 4] To overcome the poor articular healing potential of the C57Bl/6 mice, we applied young mice for the cartilage repair model. Our result showed that cartilage repair of young C57Bl/6 mice equivalently healed in comparison with that of MRL/MPJ mice. Applying our cartilage repair model to genetically modified mice makes it possible to analyze the mechanism of the osteochondral repair. Significance: We established the new articular cartilage repair model in C57Bl/6 mice. Acknowledgments:
